Theaflavins (TF), thearubigins (TR) and theabrownins (TB
procedure that minces the leaf in a continuous, high-yielding process and produces smaller-leaf teas (Harbowy & Balentine, 1997) .
A cup of good quality black tea infusion is characterized by the bright reddish brown color, brisk, strong taste and rich flavour. A delicious cup of tea infusion is an ingenious balance of various taste sensations. Astringency in black tea is divided into two types: tangy and non-tangy (Sanderson et al., 1976) . The tangy astringency which is tasteless, mouth-drying and mouth-coating, with a lingering (more than 60 seconds) after taste effect. The tangy astringency of black tea infusion is possibly related to the bitterness (Millin et al., 1969) . It was noted that the compounds with a galloyl group, TF and caffeine are closely related to the tangy astringency (Sanderson et al., 1976) . So, the caffeine together with the black tea polyphenols was necessary for the expression of reasonable amounts of tangy astringency. However, the caffeine does not contribute to the non-tangy astringency.
Decaffeination may change the nature of astringency in black tea infusion from the tangy type to non-tangy type (Sanderson et al., 1976) .
Experiments have demonstrated the relationship between individual polyphenolic compounds and the taste of black tea infusion. The gallated tea flavonols are related to the astringent and also to the bitterness taste; the non-gallated tea flavonols are related to the bitterness, however, are not related or only slightly related to the astringent taste of tea infusion. Among the theaflavins, theaflavin is less astringent. The contribution of TF-digallate and TF-monogallate to astringent is 6.4 and 2.2 times higher than that of theaflavin (Zhen, 2004) . Sensory analysis revealed that theaflavins taste bitter and astringent with threshold concentrations of 300 _ 1000 mg/L for bitterness and 125 _ 800 mg/L for astringency (Sanderson et al., 1976) . Theaflavins in solution are normally very astringent, but in tea the astringent is reduced due to an interaction with bitter caffeine. A recent study demonstrated that theaflavins contributed to less than 0.02% of the tea astringency, making their contribution to the overall taste less significant (Scharbert et al., 2004b) . Thearubigins are also closely related to the taste of black tea. The TR 1 contributes significantly to the dull colour of infusion and is negatively related to the briskness, while TR 3 is positively related to briskness (Zhen, 2004) .
Electronic tongue has been attempted to classify different tea categories. Seven varieties of Longjing tea were analyzed by the electronic tongue were successfully discriminated at different frequency segments (Tian et al., 2007) . The application of electronic tongue technology to identify the tea grade level by different pattern recognition methods and different identification models was reported (Chen et al., 2008) . The electronic tongue can be used to predict sensory characteristics and their relationship to the taste quality of tea measured by professional taster (He et al., 2009) . A novel impedance-Tongue based on multi-electrode Electrochemical Impedance Spectroscopy is proposed for discrimination of Indian black tea (Bhondekar et al., 2010) . A voltammetric electronic tongue with five working electrodes of noble metals in a three electrode setup has been employed to estimate the amount of theaflavins and thearubigins (Ghosh et al., 2012) . These studies mentioned above show that the electronic tongue can be performed for tea classification, but few of them discuss the relationship between chemical components with electronic tongue measurements and taste quality. The purpose of the present study was to explore the relationship of theaflavins, thearubigins and theabrownins with taste values and taste quality.
Materials and Methods
Tea samples and reagents Seventeen black teas with one bud and two or three leaves were collected from the major estates across China ( Table 2 ). The taste-sensing system required special Sensory evaluation Three grammes of tea sample were infused with 150 mL freshly boiled water for 5 min. Perceived quality score was blindly assessed according to a standardized procedure by a tea-tasting panel consisted of six professional panelists (Liang et al., 2007; Wang & Ruan, 2009 ). Procedure of sensory evaluation is given as follows (Hui et al., 2004; Wang and Ruan, 2009 ). The grading system was based on taste score of 100.
Measurement of TF,TR and TB TF, TR and TB were measured using spectrophotometric method (Yao et al., 2006) . This method is began with extraction of brewed tea liquor from 3gm of tea leaves stirred in 125 mL hot water at 90℃ for 10 min, filtered and cooled to room temperature. The extracted brewed liquor is divided into four parts to measure absorbance values such as Ea, Eb, Ec and Ed by following process. 30 mL of the brewed tea liquor was mixed with 30 mL of ethyl acetate in a separating funnel. The mixture was shaken for 5 min. Part of the ethyl acetate layer (2 mL) was diluted to 25 mL with 95% (v/v) ethanol. The absorbance of this solution was measured using spectrophotometer and saved as Ea. 15 mL of the brewed tea liquor was mixed with 15 mL of n-butanol and shaken for 3 min in a separating funnel. Where Ea, Eb, Ec and Ed are the absorbance values and M is the moisture content of tea sample. Tea moisture was measured using a vacuum oven based on an international standard method (ISO 1573 (ISO , 1980 . All above analyses were duplicated for each sample.
Electronic tongue measurements The infusion was prepared from three grams of leaf tea in 150 mL of freshly boiled water for 5 min. After tea infusion was filtered using filter paper and cooled to room temperature, the infusion was measured with electronic tongue. Each tea sample was measured using three replications.
The taste of black tea was determined using the taste-sensing system TS-5000Z (Atsugi-shi, Japan), a type of intelligent sensor technology, which almost mimics the human gustatory system (Cui et al, 2013) . When the sensor unit was dipped in the samples and reference solution, the electronic potential in the samples (Vs) and potential in the reference solution (Vr) were recorded, which was regarded as the zero point. After sample solution measurement, the sensor unit was rinsed briefly in the reference solution; then, the potential (Vr') was recorded when the reference solution was measured again. The difference (Vs − Vr) between the sample potential (Vs) and the reference potential (Vr) was the relative potential and used as the initial taste. The change in potential between before and after the reference solution (Vr' − Vr) was regarded as the aftertaste, which was regarded as the adsorption value. The sensor unit is used to evaluate two types of taste: initial taste (sourness, saltiness, bitterness, astringency, and umami) and aftertaste (bitter aftertaste, astringent aftertaste and richness), which represent the taste of food in the mouth and after swallowing the food or beverage, respectively (Toko, 1998; Kobayashi et al, 2010) (Table 1) . Aftertaste is the stimulus insensity peeceived in the moments immediately following removal of the stimulus (to differentiate with adaptation, in which the stimulus is constantly present) (Neely and Borg, 1999) . Aftertaste of astringency is the astringent aftertaste remained in mouth after the expectoration (Yau and Huang, 2000) . Aftertaste of bitterness is the bitter aftertaste remained in mouth after the expectoration. Richness is the umami aftertaste remained in mouth after the expectoration. 
Data analysis and statistics

Results and Discussion
Theaflavins, thearubigins and theabrownins & their correlation
with taste values and taste quality TF, TR and TB are complex phenolic compounds deriving from the oxidation of catechins and their gallates during the fermentation stage of black tea processing (Roberts, 1962) . TF, bright orange-red, which comprise about 3 _ 5% (wt/wt) of extract solids, are the first stable oxidation products formed by oxidative coupling of an appropriate pair of catechins (one with a vic-trihydroxyphenyl moiety and the other with an ortho-dihydroxyphenyl structure) in black tea fermentation (Harbowy and Balentine, 1997; Roberts, 1962) . TR, red-brown or darkbrown, which comprise about 20% (wt/wt) of extract solids, are a heterogeneous mixture of oxidized products with highmolecular-mass (Harbowy and Balentine, 1997) . TB are found to be polymerised thearubigins linked with proteins (Zhang, 1987) .
The content of TF, TR and TB are presented in Table 2 . TF content of the tea samples varied from 0.12% to 0.38% with an average of and TB from 5.96% to 10.51% with an average of 7.59%. B14 had the highest TF, B11 had the highest TR and B7 had the highest TB.
B1 had the lowest TF, TR and TB. TF, TR and TR/TR in the black
teabags from UK markets averaged 1.54%, 11.09% and 0.14 while in USA markets, they were 1.17%, 9.45% and 0.12, respectively (Lakenbrink et al., 2000) . TF, TR and TF/TR in the black teabags from Australian markets averaged 0.77%, 8.90% and 0.09 (Yao et al., 2006) . In this current study, black teas from UK, USA and Australian markets were compared with the black tea from Chinese markets. Results show that the black tea from Chinese markets has the lowest TF and TR content and the lowest TF/TR ratios.
Accordingly, the black tea from Chinese markets should have a relatively softer taste than those consumed overseas because of the lower TF and TR contents and lower TF/TR ratios.
Pearson's linear correlation analysis showed that TF was positively and significantly correlated with astringency (r = 0.521, p < 0.05, Table 3 ), aftertaste of astringency (r = 0.619, p < 0.01) and richness (r = 0.618, p < 0.01). TR was also positively correlated aftertaste of astringency (r = 0.530, p < 0.05), while TB was negatively correlated with bitterness (r = −0.486, p < 0.05). The present finding confirmed the important contribution of TF and TR to taste quality of black tea (Sanderson et al., 1976; Zhen, 2004) . 
Determination of black tea samples using a taste-sensing system
The taste evaluations of black tea samples from the taste-sensing system considered as promising comprehensive information were investigated. The information of taste values included not only initial taste (sourness, bitterness, astringency, umami and saltiness) but also aftertaste (bitter aftertaste, astringent aftertaste and richness). As shown in Figure 1 , the tested black samples showed significant changes in multifarious taste values consisting of five initial tastes (astringency, bitterness, sourness, saltiness and umami)
as well as aftertastes of astringency and bitterness and richness.
Eight taste values of different black tea samples showed different levels in Figure 1 . B16 had the strongest bitterness and astringency & the strongest aftertastes of astringency and bitterness. B13 had the weakest bitterness and the weakest aftertastes of bitterness. B12
had the weakest astringency and the weakest aftertastes of astringency. B15 had the strongest umami while B12 had the weakest umami. B16 had the strongest richness and saltiness while B12 had the weakest richness and saltiness. B5 had the strongest sourness while B13 had the weakest sourness.
Multivariate analysis on chemical components provides useful methodology to distinguish the origin, quality and category of teas (Liang et al., 2003 (Liang et al., , 2007 Le Gall et al., 2004; Wang et al, 2010) .
To select the most useful indicators, principal component analysis In this investigation, we focused on 17 kinds of Chinese black tea. Differences in the taste values and taste quality of the infusions were reflected by differences in the amounts of TF, TR and TB. gallate, theaflavin-3-gallate, and theaflavin-3,3'-digallate have been identified from black tea (Scharbert et al., 2004b) . TR could separate into three large groups, i.e. SI TRs, SIa and SII TRs according to their solubility in different solvents. SI TRs are extractable into ethyl acetate, whereas SIa and SII TRs, which are those that remain in the aqueous phase, are more soluble in diethyl ether (Roberts, 1958) . Division of TR into many groups makes the elucidation of individual TR components' contribution to tea quality difficult (McDowell et al., 1995) . Thus, the relationship four kinds of theaflavins and three groups of thearubigins with taste values and taste quality is needed to investigate in the near future.
Correlation analysis showed that TF was positively and significantly correlated with astringency (r = 0.521, p < 0.05) in this study. However, application of taste dilution analyses on freshly prepared black tea infusions revealed neither the high molecular weight thearubigen-like polyphenols nor the catechins and theaflavins, but a series of 14 flavon-3-ol glycosides as the main contributors to the astringent taste perceived upon black tea consumption (Scharbert et al., 2004a) . More experiments are needed to evaluate other active compounds (catechins, flavon-3-ol glycosides, sugars, amino acids and alkaloids) that contribute importantly to taste properties for black teas by combination of electronic tongue and taste dilution techniques. There are interactions between taste substances, such as the synergistic effect and the suppression effect (Toko, 1998) . It is necessary to measure those effects and to classify a great variety of black tea chemical substances into several groups.
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Cui, S., Wang, J., Geng, L., Wei, Z., and Tian, X. (2013). Determination of Fig. 3 . Dendrograms of cluster analysis on 17 black tea samples using the first two principal components. 
